Understanding of the phenomena involved in the mixture of nanoparticles and fluid requires more investigation in terms of many aspects. Both diffusion process and slip mechanisms are comparison indicates that the ability of the proposed method is mainly associated to the concentration distribution, and of course in the ranges of volume fraction studied here. It is also found that the diffusion fluxes change the concentration profile near the diabatic walls, while the slip mechanism will be dominant in adiabatic walls.
Introduction
Enhancement of heat transfer in nanofluid binary mixture has brought this field of research to the interests of many academics. The increase in thermo-physical properties of a nanofluid results in the main cause of changing in flow and thermal features [1] [2] [3] [4] [5] [6] [7] [8] [9] . Although, the negative and positive effects on the thermal conductivity and viscosity has always remained controversial. For instance, Azmi et al. [10] and Rea et al. [11] showed that the importance of heat transfer improvement can come with the downside of pressure drops. On the other hand, experimental results of nanofluid in natural or even mixed convective flow indicate some deterioration in heat transfer [12, 13] . Ni et al. [13] conducted experiments of Alumina nanofluid inside a cavity with uniform temperature at the top and constant heat flux at the bottom. The results showed decrease in heat transfer for even volume fraction less than 0.2%.
There are not many experimental study of nanofluid natural convection inside a cavity on the literature. Here some are presented: Moradi et al. [14] pointed out that the highest Nusselt number occurred at 0.2 vol.% of Alumina nanofluid in a cavity. Li and Peterson [15] only observed deterioration for the same nanofluid higher than 0.5 vol.%. Ho et al. [16] stated that Nusselt number increases up to 4% volume fraction in an enclosure. 20% Increase in heat transfer was observed by Srinivas and Srivastava [17] in low 0.02 vol.%. The decrease of Nusselt number only reported for higher than 2 vol.% by Nnanna [18] . Ho et al. [19] , Hu et al. [20] and Chang et al. [21] reported the decrease of heat transfer due to presence of nanoparticles inside a rectangular cavity.
The most applicable numerical model for nanofluid can be multiphase Mixture approach which assumes both liquid and solid particles as a continuum medium. However, the main challenge comes up when the slip mechanism between base fluid and particles are needed to be included. The default slip velocity only consists of buoyancy and centrifugal forces which are mentioned as the fundamental causes of induced drag force [22] [23] [24] [25] . Buongiorno [26] , Hwang et al. [27] , Kuznetsov and Nield [28] and Sheikholeslami et al. [29] considered the mass flux induced by Brownian and thermophoretic diffusion were the main phenomena in nanofluids. In fact, these were assumed the essential reasons of concentration distribution and heat transfer in nanofluids with implementing them only in mass and energy equations. On the other hand, Pakravan and Yaghoubi [30] applied Brownian and thermophoretic mechanisms as a slip velocity in all the flow field equations. Ho et al. [16] used both buoyancy as slip mechanism and mass diffusion conception of nanofluid stemmed from concentration gradient and thermophoresis in equations. They reported that the slip velocity has noticeable effects on final numerical results and concentration gradient and thermophoresis become important for volume fraction above 2%. Hayat et al. [31 and 32] reported the temperature enhancement by Brownian parameter in non-Newtonian nanofluid in the presence of magnetic field.
Literature review shows that there are no complete agreement on nanofluid flow and heat transfer features, neither experimentally nor modelling. Therefore, considering all the involved phenomena at the same time in the equations seems necessary. In this study, natural convective flow of nanofluid in a cavity with differentially vertical heated walls is investigated. A typical schematic of a cavity with essential thermal boundary condition is shown in figure 1 . Solar cavity receiver is one of the application of cavity flow. A new combination of mass diffusion and slip mechanism are considered as: mass diffusion induced by concentration gradient and thermophoresis in volume fraction and energy equations, slip velocity raised by attractive van der waals and repulsion electrical double layer, pressure gradient, virtual mass, lift, buoyancy and centrifugal forces. 
Nanofluid preparation
The nanoparticles used in this study are Al2O3 and ZnO. These were provided from pulse off with amplitude (intensity) of 98%) is used to break down aggregation of the nanoparticles. The size of nanoparticles were examined with transmission electron microscopy (TEM). Therefore, Zeta sizer ZS (Malvern instrument limited, UK) was used to measure mean particle size. The Zeta sizer is using 4mW He-Ne 633 nm LASER as a source.
The stability of nanofluid was verified by direct visualization and also using Dynamic Light Scattering (DLS) method with Zeta sizer Nano ZS (Malvern ZS., UK). The measured zeta potential is above 25mV in all the cases. The measurement shows that the mean diameter of
Al2O3 is 250nm and equal to 127nm for ZnO. In this study, the reported particle diameter by manufacturers is not used in calculations and the measured one would be applicable. It must note that Zeta sizer gives the average of nanoparticles size in the nanofluid which it is usually different than the particles size as a powder. The volume fraction varies from 0.1% to 0.5% for Al2O3 and 0.1% to 1% for ZnO. The mass equation for each phase is [22] :
With the assumptions of steady flow and no mass transfer between phases, and linear summation of mass equation for both phases we reach:
It is noted that the net mass diffusion will be zero. Mixture continuity will be [22] :
Mass equation for nanoparticles [26] : 
The drift and slip velocity are correlated as:
The final form of the mass equation will be [26] :
A linear summation of momentum equation of each phase with together will reach to [22] :
The mixture momentum equation has to be re-arranged in terms of mixture variables and drift velocity [34] . , with manipulation of above mentioned equations, the final form of momentum equation of the mixture will be [34, 35] :
Energy equation of the mixture [34] : 
Parameters involved in the slip mechanism
The force balance on a spherical particle in lagrangian frame is expressed as follows:
where inertia drag F ,F and others F are forces due to acceleration or virtual mass, drag and other forces including pressure gradient, lift, buoyancy, centrifugal, van der waals attraction and electrical double layer repulsion forces. Another arrangement of force balance is:
The drag force is directly related to the relative velocity between liquid and solid. Since the drag is equal to linear summation of all other interactions, each interaction can be virtually expressed as the cause of slip velocity in the equation. Therefore, a new form of the slip velocity can be arranged as follows:
The right hand side are the slip velocity by virtual mass, pressure gradient, lift, buoyancy, centrifugal, van der waals attraction and electrical double layer repulsion forces, respectively.
Virtual mass and pressure gradient forces [22, 36] :
By comparing the slip mechanisms to the following equation, the final form of the slip velocity can be calculated [22] :
Where  and d f are particle relaxation time and drag function based on particle Reynolds number as [37] :
Lift force [38, 39] : Slip velocity due to buoyancy and centrifugal forces [22] :
Van der waals attractive force [36] :
where A and h are Hamaker constant and surface to surface distance of two approaching particles. The amount of Hamaker constant is available for some common solid liquid mixtures [36] , 4×10 -20 J in the case of Alumina nanofluid and 1.9×10 -20 J for Zinc oxid nanofluid.
Electrical double layer repulsion force [40] :
where R V is the repulsion energy on the surface of a particle. The amount of vacuum and relative permittivity of the medium are respectively.  is the potential on the surface of the electrical double layer over charged surface group, which can be approximated by zeta potential on the surface of diffuse layer.
Since the small zeta potential means less repulsion barriers and consequently producing stronger agglomeration inside the nanofluid, the approaching potential to zero is avoided in all the simulations.  is defined as Debye-Huckel parameter calculated from the following . This length is implemented in the program as a cut-off distance to avoid overlapping of diffuse layer of nanoparticles.
Mixture properties and modelling considerations
Instead of using conventional Boussinesq approximation, a density correlation for water was The other thermo-physical and transport properties of the nanofluid mixture are as follows [42] : (7) and (8) mixture properties in Eqs. (37) Then, slip velocity function is launched to consider the effects of all slip mechanisms through equation (18) . Eventually, the mixture properties are calculated via knowing the temperature and concentration from previous iteration. All these functions are employed to finally solve the mass, momentum and energy equations of mixture in equations (3), (11), (14) and (15) .
Temperature boundary conditions are applied to the vertical cold and hot walls of cavity. The other 4 walls are assumed insulated and the gradient of temperature perpendicular to the walls is zero. No-slip boundary condition is considered at all the walls.
Results and discussion
Calculation of uncertainty in this study in terms of percentage shows 3% to 5.5% for Rayleigh number and 3.5% to 8% for Nusselt number.
Measurements on the hot and cold walls for different tests show a distribution of temperature in Y direction. This scattering of temperature is used as thermal boundary condition on modelling the cavity. Moreover, the average temperature on the walls is appeared in definition of Rayleigh number and thermo-physical properties as
Nusselt number is simply defined as
. All the properties here are calculated at mean temperature of hot and cold walls and mixture properties in section 4.3.
The robustness of the model proposed in this study is verified by Nusselt number from measurements in figure 3 . The good agreement between experiment and modelling is observed. The absolute error between calculated Nusselt number and measurements is presented in Table 3 . As can be seen, the Nusselt number drops with increase in concentration, but still higher than distilled water in the case of Alumina nanofluid. These drop and rise were also reported by other researches [14, 15, 17] 1% to 5%
Prediction of flow, thermal and concentration distribution
The caused by buoyancy force on Zinc Oxide nanoparticles with higher density than Alumina particles, producing thicker concentration boundary layer at the bottom of the cavity in Figure   6 . In the case of Alumina nanofluid, the competition among all the phenomena considered in this study will characterize the damping effects of particles on velocity. Therefore, the damping impacts on velocity in 0.5%vol can be less than 0.1%vol.
Alumina 0.5%vol., Ra=9.3×10 
